ABSTRACT: The heat island phenomenon in the Tokyo metropolitan area is too wide to evaluate as a single regional phenomenon. In this paper, the authors have simulated the urban scale climate in summer, and compared the regional characteristic of the atmospheric heat balance at the center of Tokyo and in the southern part of Saitama based on an "Urban Heat Balance Model". From the results of the examination, the mechanism of diurnal change in air temperature and absolute humidity in these areas is quantitatively evaluated with respect to the heat balance. The sea breeze prevents temperature increase in the center of Tokyo. On the other hand, it has less effect as a heat sink for leeward areas such as in the southern part of Saitama.
INTRODUCTION
The Tokyo metropolitan area is the most extensively urbanized region in Japan. In addition, in the afternoon on a sunny day in summer, extensive sea breezes dominate the area. Then, heat island phenomena in the Tokyo metropolitan area in summer have spread more and more widely, and this phenomena are shown clearly from the observation data [1] and numerical simulation data [2] [3] . However, heat island phenomenon in Tokyo metropolitan area is too wide and very serious to deal with as one regional phenomenon. In order to carry out the effective countermeasures for heat island, it is important to understand quantitatively the mechanism of heat balance in the atmosphere in each region.
The authors have proposed a new concept called an "Urban Heat Balance Model" [4] . Fig.1 illustrates the model's concept, with many thermal elements composing the urban thermal environment. This model examines the total heat balance in a virtual enclosed space, i.e. in a control volume (CV). This model is composed of incoming and outgoing heat fluxes through the all surfaces of the CV, and artificial heat release and heat storage in the CV as shown in Fig. 2 . These heat fluxes are calculated by using numerical data provided by CFD analyses of a mesoscale climate. In this study, the CV is located as shown in Fig.3 and Table 2 . The domain of CV covers 6km (north-south direction) × 6km (east-west direction), and 120 m (vertical [Z] direction).
OUTLINE OF CFD ANALYSES
In this study, the Mellor-Yamada model (level 2.5) is used for simulating the urban climate [Note 1]. All computations are carried out using a Software Platform developed by the anthers [5] . The computational domain is shown in Fig. 3 and Table 1 Table 2 [6] . Details of the initial and boundary conditions and are given in [4] [7] . Fig. 4 illustrates the horizontal distributions of wind velocity vectors, air temperature and absolute humidity at 2:00 p.m. Fig. 5 compares the diurnal variations in the horizontal wind velocity vectors, and the spatial average values of temperature and absolute humidity in each CV. In this simulation, the flow pattern of sea breezes in the afternoon is well-reproduced (c.f. Figs.  4(1), 5(1) ). Nevertheless CV 1 is covered by large artificial land-use (c.f. Table 2) , and the temperature in the day is lower than in CV 2. as shown in Figs. 4(2) and 5(2) . The value of absolute humidity around CV 1 and CV 2 is lower than that in the suburbs as shown in Fig.4 (3) . The assessment of the accuracy of the numerical prediction in the above results is shown in [5] Sensible heat from the ground surfaces is very large in each CV as shown in Fig. 6 , because it is generated from a ground surface heated by sunshine and artificial heat release. Especially, the value in CV 1, which has much artificial land-use (c.f. Table 2 ), is significantly larger than that in CV 2. Consequently, much heat storage in the Top-Ground face and artificial heat release into the atmosphere occurred in the day in CV 1 ( Fig. 7(1) ). Nevertheless, the air temperature in CV 1 is lower than that in CV 2 (c.f. Fig. 5(2) ). The reason is the large heat release that occurs at the side face (North-South and East-West) of CV 1 due to the effect of the sea breeze of which temperature is at a lower than that in CV 1. On the other hand, CV 2 is located leeward of CV 1. Therefore, the sea breeze has less potential for preventing increase in air temperature as a heat sink ( Fig. 7(2) ). Finally, the total heat storage in CV 2 is larger than in CV 1.
In CV 1, latent heat is supplied mainly from the North-South direction (positive value) and discharged mainly in the Top-Ground direction (negative value) as shown in Fig. 9(1) . The positive value is caused by the sea breeze. On the other hand, the budget of latent heat in the North-South direction changes from positive in CV 1 to negative in CV 2 during the day (Fig. 9(2) ). This change is caused by the decreased humidity in the air which flows into CV 2. The reason for this is the latent heat outgoing from the top face around the center of Tokyo by turbulent diffusion as shown in Fig. 8 (1). From the above results, the absolute humidity in CV 2 is lower than that in CV 1 (c.f. Fig. 5(3) ).
CONCLUSIONS
In the center of Tokyo, large sensible heat release and latent heat storage occurs at the side face of CV due to the effect of the sea breeze. This prevents temperature increase and humidity decrease. In the southern part of Saitama, which is leeward of the center of Tokyo, the sea breeze doesn't have much effect as a sensible heat sink. 
